Abstract
Data are presented to suggest that trace amounts of 
Introduction
There are at least two reasons why Freons might be expected to cause aging in wire chambers. (1) Freons contain halogens, which are known to catalyze plasma polymerization of hydrocarbons in the low-pressure rf-discharge regime [1] .
It has been suggested that there may be similarities between the low-pressure rf-discharge plasma regime and that of wire chambers [2] . (2) Some Freons are very electronegative and are therefore expected to attach electrons and be drawn to the anode, where, if they do catalyze polymerization, they could most easily affect the aging rate.
Since the primary electrons lost by attachment to electronegative species are not available to initiate avalanches, however, the observed wire current can change if the concentration of electronegative species in the gas changes.
It is possible that an increase in the concentration of a highly electronegative species such as Freon 11 may cause the wire current to drop, a result which may be interpreted as aging [3] . In this report we discuss a mechanism by which trace species that are less-volatile than the main gas may be concentrated in a gas bottle.
Experimental
The aging tests in this study were all performed using copper proportional tubes (3/8" ID) with 50-J,Lm-diameter gold-plated tungsten wires (Luma Metal1, Kalmar, Sweden) .
The design of the proportional tube and the techniques used 2 to collect aging data have already been described [3] . The 5. 9 keV photons emitted by an 55 Fe source were used to simulate particle radiation. Initial current densities were -1.3 ~Ajcm, corresponding to wire currents of -400 nA for an irradiated region 3 mm long. The gas gains were known only approximately, and were in the 20,000-50,000 range. The gas flow rate in all tests was approximately 20 cm 3 jmin, corresponding to 1.25 chamber volumes/min, or an average linear velocity of 0.47 cmjsec.
We express the aging rate, R, as the normalized rate of gain loss:
where G 0 is the initial gas gain, G is the gas gain at a subsequent time, and Q is the accumulated charge per length of wire. If the ionization initiating the avalanches does not change, the current on a wire is linearly proportional to the gas gain, and R can be measured as the normalized rate of current decrease:
where I 0 is the initial wire current, I is the wire current at a subsequent time, and R and Q are as defined above. We express R in units of %/Cjcm. 
Dimethyl Ether
Dimethyl ether (DME) is an attractive gas with good quenching, a high linear ionization density, a low drift velocity and a low electron diffusion constant [5] ,
properties which make it a good choice for use in highresolution drift chambers (e.g., vertex detectors). There are, however, several reports [6, 7] suggesting that Freon 11 contamination in DME causes rapid aging. Since Freon 11 is a commonly observed [6, 7] contaminant in DME, the viability of DME as a useful wire chamber gas has been questioned.
A possible alternative explanation of the abovementioned observations is that the "aging" is due to a loss of primary electrons by attachment to the very electronegative Freon 11 [3] . If Freon 11 is present in the DME supply, it will be concentrated as the DME, which is more volatile (i.e., has a lower boiling point), evaporates preferentially. This process is known as Rayleigh, or batch, distillation [8] . Results that support this explanation are discussed below. To describe a Rayleigh distillation, it is necessary to relate the amount of liquid remaining to its composition. This is done by means of a mass balance relating changes in the amount and composition of the liquid to the amount and composition of the vapor removed. In its most general form, (2) requires a relation between Yi and xi; the equilibrium relation, as defined by the relative volatility, is used.
Rayleigh Distillation
The relative volatility, or separation factor, a, between two phases in equilibrium is defined as
It is conventional to choose the phases so that a>l. For the case at hand, this means that phase 1 is the gas, phase 2 is the liquid, the subscript A refers to the light component 
where P is the total pressure of the vapor phase, Pi is the partial pressure of component i, pressure of pure component i.
is the vapor A consequence of Raoult's and Dalton's laws is that a is simply the ratio of the vapor pressures of the two pure components at a given temperature: (5) It can be seen that a is independent of pressure and composition. For this situation, it is further argued that a is only a weak function of temperature [9] . As the temperature of the gas supply bottle is expected to undergo little or no fluctuation, we are justified in treating a as a constant.
Making use of the fact that xA + x 8 = YA + Ya = 1 for a binary mixture, equation (3b) can be rewritten as (6) Substituting equation (6) into equation (2), using the fact that a is constant, and integrating with respect to
.·With an appropriate value for a (see the following section), this equation can be used to predict the Freon 11
concentration as a function of the amount of liquid DME remaining in the bottle.
Simulation of Rayleigh Distillation
For general applicability, we refer to the simulation results in terms of the enrichment multiple (x 8 jx 80 ), which is the heavy-component mole fraction normalized to its initial value, and the fraction of the initial amount of liquid that has been used (1-L/L 0 ) . Equation (6) 
Noting that we are in a regime in which x 8 <<1, and hence
(1-a)x 8 <<a, equation (8) can be approximated as
The enrichment multiple therefore applies to both the vapor and liquid phases.
The pure-component vapor pressures needed to determine a can be calculated from tabulated data [10] . The predicted relative volatility of DME/Freon 11 near room temperature is shown in Table 2 . Table 2 Predicted relative volatility (a) of DME/Freon 11 near room temperature [ 10] . In the regime of relative volatility (5.5<a<5.8) and
initial Freon concentration (x 80 <10-4 ) in which we are interested, the solution of equation (7) is not sensitive to 11 variations in either of these parameters: the Freon 11 concentration doubles each time 57% of the liquid remaining in the bottle is used. The prediction for a=5.63 and x 80 =10-7 is shown in Table 3 . 
Aging Tests with Freon 11 in Dimethyl Ether
We previously reported [ 3] that very low aging rates can be achieved with DME using gas plumbing that is rigorously free of plastics. The tests described below were run using such a plumbing system.
To investigate the effect of a constant level of Freon 11 in DME, a Kin-Tek SRT-type source was used with the gas permeation system mentioned above to add -5 ppm of concentration in the DME supply would not change appreciably due to a Rayleigh distillation, less than 30% of the liquid in the DME supply bottle was used over the course of the test. The test was started without any added Freon 11; as shown in Fig. 2 , the current dropped to -25% of its initial value upon addition of the Freon. The permeation source was bypassed several times during the test, and the current returned to its initial level each time. A total of 0. 45 C/cm of charge was collected during the exposure to Freon 11, and the measured aging rate during this period was consistent with a value of zero. 55 Fe pulse-height spectra taken at the end of the test were somewhat degraded, however (Fig. 3) , while those taken at the end of a comparable test without added Freon 11 were not (Fig. 4) . The spectra shown in Fig. 3 were taken at successive positions along the irradiated region of the wire and display the classic degradation pattern [ 12] . These data indicate that the presence of Freon 11 in DME does not result in measurable The current dropped -75% from its initial value (indicated by the arrow) upon addition of the Freon, but no aging was observed. The irradiated region of the wire was 0.3 em. In each of these tests, one of which is shown in Fig. 5 , the current was initially stable, but dropped rapidly toward the end of the test when most of the DME had been used. The point at which no liquid DME remained is indicated in the figure. Although no liquid DME remained,
..q- the bottle still contained gaseous DME at its roomtemperature vapor pressure, -62 psig. Subsequent to this point, the distillation process ceased, and the gas composition and wire current were nearly stable. The gas flow rate, which is a function of the pressure in the bottle, dropped during this period, confirming that no liquid DME remained. When another bottle of DME was connected to the system, the current rose somewhat above its initial level. This was because the Freon 11 concentration in the new bottle was lower than what it had been in the previous bottle at the beginning of the test.
Both of these aging tests were performed using the same proportional tube and the same wire, and a total of 1.4 c;cm of charge was collected. 55 Fe pulse-height spectra taken at the end of the second test were severely degraded, however (Fig. 6) , indicating the presence of some deposit on the wire. (See discussion in section 8.2.) Fig. 6 . 55 Fe pulse-height spectrum taken after two DME aging tests in which all of the liquid DME was used. The 55 Fe line source was perpendicular to the wire. Rather severe degradation of the spectrum is observed.
To evaluate the effect of this deposit on the gain, a bottle of DME that had been used previously and was known not to cause aging was connected to the proportional tube.
The 55 Fe source that was used for the aging tests was moved along the wire and the variation in current drawn was observed to be only 1.5% between the coated and an uncoated region, corresponding to an overall aging rate of R-1 %/Cjcm. During this test, however, an aging rate of R-400 %jCjcm was observed. A new proportional tube with a new wire was installed: the rapid aging continued. When all gas plumbing between the DME bottle and the proportional tube was replaced with new · components, however, the aging rate returned to a value consistent. with zero.· These data suggest that some compound remained in the plumbing, but subsequently outgassed and induced rapid aging in DME.
The validity of· using the Rayleigh model to describe indicating that the Rayleigh distillation model accurately describes the vaporization of DME in a gas bottle.
While analyzing the DME for its Freon 11 content during these tests, it was observed in the chromatograms that several species were present in addition to Freon 11, and that the concentrations of all species increased as the liquid DME was used. Further, as the liquid DME was used, progressively larger numbers of distinct species were observed in the chromatograms. These species have not been identified. concentration, and hence the variation in wire currents, can be kept within any desired limit.
We also noted that rapid aging was observed in DME after using all of the liquid in two bottles. It has not yet been possible to identify the compound (or compounds) responsible for this aging, but we believe it to be less volatile than Freon 11, as (1) it did not appear until most, if not·. all, of the liquid DME had been used, and ( 2) it appeared to remain in the plumbing, unlike Freon 11, which is quite volatile at room temperature. It is worth noting that both DME bot'tles used in these tests had been used in previous aging tests in which little aging was observed [3] .
Assuming that the compound inducing the aging originated in the DME bottle, which we believe to be the case, it must 25 have been present in the earlier tests, but at too low a concentration to have had an effect. This would be further reason to use only a fraction of the DME in a given supply bottle.
Degradation of Energy Resolution
We noted that some degradation of the 55 Fe pulse-height spectrum was observed in the DME aging tests in which
Freon 11 was added. Although this degradation indicates the presence of deposits on the wire, we believe it to be of relatively minor significance because the pulse-height spectrum is a far more sensitive indicator of wire deposits than is the change in gain. Indeed, the severe degradation of the pulse-height spectrum shown in Fig. 6 , corresponded to only a 1.5% change in gain after 1.4 Cjcm of charge was collected.
We expect that the degree to which the pulse-height spectrum is degraded may depend on both the concentration of the species inducing the aging and the amount of charge collected. If we take the product of these quantities as a measure of the amount of degradation expected, we find that much more degradation is expected for the wire exposed to the 5 ppm of Freon 11 ( Fig. 3 ) than for the wire from the tests in which all of the liquid in two DME bottles of DME was used ( Tests in which all liquid DME was used:
(1.4 C/cm)*(0.3 ppm average Freon 11 concentration) = 0.42.
That the observed degradation of the spectra is actually much less in the case of the direct Freon 11 addition, rather than much more, as the above estimate predicts, can be taken as an indication that some species other than Freon 11 induces aging in DME. As previously noted, many species, any of which could potentially induce aging, were detected in the DME.
We note, however, that energy resolution is of major importance only when using energy-loss (dE/dx) measurements fdr particle identification, and it is expected that this technique will not be very useful at the sse because the particles of interest will generally have very high energies, dutside the range of this technique. For particle tracking only, degradation of energy resolution, as distinct from loss of gain, is not a significant issue or limitation.
Rayleigh Distillation
As a result of Rayleigh distillation, concentration changes of trace species will occur whenever there is a 27 liquid phase in the gas bottle. Indeed, it was noted in aging tests with propane, which has a liquid phase in the gas bottle, that the gas purity varied not only from bottle to bottle, but also within a bottle as it was used [13] . The concentrations of species less volatile than the main gas will increase while those of species more volatile than the main gas will decrease. This being so, the potential effects of changes in gas purity on wire chamber operation must be considered.
The degree to which the heavier component in a binary mixture will be concentrated as a result of Rayleigh distillation depends primarily on the relative volatility of the two components: the closer this value is to unity, the less noticeable is the concentration effect. For example, the apparent loss of gain cause by Freon 11 will be more severe in propane (apropane-Freon 11 ::::9.4 [10] ) and less severe in isobutane (aisobutane-Freon 11 ::::3.8 [10] ) than in DME (acME- 
Conclusions
We have found no evidence that Freons in general, and showed by experiment and simulation that apparent aging observed while using dimethyl ether can be explained by the natural increase in the concentration of Freon 11 that occurs in a Rayleigh distillation process. Large changes in the concentration of Freon 11 in DME and the consequent changes in wire currents can be avoided by not using all of the liquid DME in a given supply bottle.
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